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1
TIMING CIRCUIT

TECHNICAL FIELD OF THE INVENTION

This 1nvention relates to a timing circuit, 1n particular for
use 1n an 1ntegrated circuit.

DESCRIPTION OF RELATED ART

A relatively common requirement in electrical circuit
design 1s the need for a timing circuit which generates a
signal whose value changes from one state to another (for
example on/off) at a relatively slow rate, for example with
a period of the order of one second or longer.
Conventionally, in integrated circuits, such delays have been
provided by using digital counting circuits, including clock
circuitry, or by the use of large capacitors, which can be
charged or discharged over relatively long periods.

However, both of these solutions are relatively inetficient,
in the sense that they occupy relatively large areas in an
integrated circuit, and/or require additional external
components, for example a crystal to provide a clock for a
digital delay circuit or the capacitor which 1s charged and
discharged.

An example of the former 1s illustrated in “The Art of
Electronics” by Horowitz and Hill, 2nd Edition, FIG. 8.68,
while an example of the latter 1s described m section 5.14 of
the same book.

The present invention seeks to provide a timing circuit
which can be implemented using much less space 1n an
integrated circuit and which provides a relatively long delay
to a degree of accuracy which 1s acceptable 1n at least some
circumstances, and uses no external components.

SUMMARY OF THE INVENTION

The present invention thus seeks to provide a timing,
circuit which can be implemented entirely within an inte-
orated circuit, without occupymg a large surface area
thereof.

The timing circuit 1n accordance with the mvention com-
prises two or more matched components, having at least one
property which 1s dependent on the temperature of the
component. For example, with two matched components,
cach of the components 1s fabricated within its own ther-
mally insulating structure within an integrated circuit, and
one of the components 1s located adjacent to a heating
clement. Electrical signals which vary with the value of the
temperature dependent property are taken from each
component, and compared, and the heating element applies
heat to one of the components, until the values of the
temperature dependent parameters differ sutficiently that the
values of the electrical signals differ by a predetermined
amount. At that point, an output can be given, representing
the end of the timed period, and the heating element can be
switched off.

Preferably, the thermally insulating structures comprise
trenches, surrounding the respective components, containing
an 1nsulating material. For example, 1n the case of an
integrated circuit formed on silicon, the trench structures
may conveniently contain silicon dioxide, which has a
thermal conductivity which 1s approximately 1% of that of
silicon.

The circuit in accordance with the invention has the
advantage that 1t can be implemented easily 1n an integrated
circuit, and provides a delay with a relatively long time
period, having an accuracy which 1s acceptable for at least
SOmME PuUrposes.
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2
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic illustration of a timing circuit 1n
accordance with the mnvention.

FIG. 2 1s a schematic cross-section through a thermally
mnsulating structure forming part of the circuit.

DETAILED DESCRIPTION OF PREFERREID
EMBODIMENTS

FIG. 1 1s a schematic view of a timing circuit 1n accor-
dance with the invention. This 1llustrative example uses a
temperature-dependent property of a diode, but other
components, such as resistors or transistors (MOS or
bipolar), or zener diodes, could equally well be used. The
circuit 1s built around a pair of matched diodes 2, 4, each of
which 1s supplied with a forward bias current from a
respective constant current source 6, 8, within an integrated
circuit. The current sources 6, 8 are controlled by a control
circuit 10 and 1n this case supply equal currents to the two
diodes 2, 4 respectively. The forward voltage drops V2, V4
across the diodes 2, 4 are supplied to the mnput terminals of
a comparator 12, and the result of the comparison 1s supplied
to a control circuit 10.

A heating element 14, which may be an integrated
resistor, but may also be some other device, for example a
diode or diode connected bipolar or MOS transistor, or a
zener diode, 1s located 1n close proximity to the diode 2, and
the current supplied to the heating element 1s also supplied
from the control circuit 10.

The 1vention 1s described herein with reference to a
circuit with two 1nsulating trench structures, each including
a respective temperature dependent component. However, it
will be appreciated that more than two such structures may
be used, and/or that each insulating structure may contain
two or more components connected 1n series or parallel.

The temperature dependent components are described
herein as “matched” which may mean that they have the
same si1ze, shape and electrical parameters, but may also
mean that they have sizes or other parameters which are 1n
a known ratio, or differ by a known amount, provided that
the comparator can compensate for any expected difference
in the measured parameters.

An essential feature of the invention 1s that the diode 2
and heating clement 14 are surrounded by a thermally
insulating structure within the itegrated circuit. Similarly,
the diode 4 1s contained within another thermally 1mnsulating
structure. Speciiically, the diode 2 and heating element 14
are surrounded by trenches 16, 18 formed within the silicon
of the integrated circuit, and containing an insulating
material, perhaps most conveniently silicon dioxide.
Similarly, the trench structure surrounding the diode 4
includes a pair of trenches 20, 22.

The structure of each trench, 1n itself, may be similar to
trenches which are used in integrated circuits to provide
clectrical 1solation of components, and a large variety of
fabrication techniques are well known to those skilled 1n the
art.

FIG. 2 1s a cross-sectional view of one of the trenches 16,
formed within an active layer 42 of silicon, above a hori-
zontal layer 40 of silicon dioxide.

As an example, the active layer 42 of silicon may have a
depth of 5.5 um, and the trench 16 may have a width of
approximately 1.8 um at the upper surface of the silicon, and
a width of approximately 1 um at the bottom, where it 1s 1n
contact with the horizontal layer 40, which 1n this case has
a thickness of approximately 3 um. The bottom of the trench
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16 may, however, be separated from the horizontal layer 40
it desired. The walls 44 of the trench are formed of silicon
dioxide, while the rest of the trench 46 1s filled with undoped
polysilicon. The walls 44 may have a thickness in the region

of 350 nm, for example.

The structure 1llustrated here includes a pair of trenches in
cach trench structure, completely surrounding the relevant
components. However, 1t should be noted that the structure
may include any number of trenches, and may surround the
component to any desired degree, 1n order to provide the
required degree of thermal msulation. Thus, it 15 not essen-
tial to achieve complete electrical 1solation, and a satisfac-
tory degree of thermal insulation may be achieved by a
trench structure which has gaps 1n 1t.

The purpose of the trench structures i1s to insulate the
heated diode 2 and the reference diode 4 from external
temperature sources, and to contain heat supplied from the
heating element 14 to the diode 2.

At the start of a cycle of operation, the diodes 2, 4 are at
the same temperature within the body of the integrated
circuit. As a result, their forward voltage drops are equal,
and the comparator 12 detects that there 1s no difference
between these two voltages V2 and V4. When a current 1s
supplied to the heating element 14, 1t begins to heat up, and
the temperature of the diode 2 increases. As a result, the
forward voltage drop V2 of the diode 2 falls, at a rate of
approximately -2 mV/K. When the temperature reaches a
particular point, the voltage V2 differs from the voltage drop
V4 across the unheated diode by a predetermined amount, as
detected by the comparator 12, and the comparator output,
as detected 1n the control circuit 10, indicates that the timed
period has ended.

The current to the heating element 14 1s then stopped, and,
over time, the temperature of the diode 2 falls to be
approximately the same as that of the reference diode 4, and
the cycle can restart.

The current supplied to the heating element 14 may be
continuous during those periods when heating 1s required, or
may be switched on in short pulses.

The rate at which the diode 1s heated may be altered by
changing the current supplied to the heating element 14.
Moreover, the voltage difference (and hence temperature
difference) required to trigger the end of the timed period
can be controlled by controlling the comparator 12. Varia-
fions 1n both of these parameters can be used to change the
duration of the timed period.

As an alternative to heating a component, the voltage
difference may be achieved by cooling a component with a
temperature-dependent parameter.

There 1s thus described a circuit which can be used to
provide a timed period within an integrated circuait.

Circuits 1n accordance with the invention may be of
particular use 1n relatively high voltage applications, for
which the use of a high density digital process (which is how
one might otherwise build the timing circuit) is not possible.

Purely as examples, the circuit of the present invention
may be used as a lamp cadence controller for a telephone
terminal display circuit, as a timing circuit for controlling
one of several possible functions (for example flashing
indicator lights) in automobile applications, or as a replace-
ment for a charge pump type low pass filter circuit.

In these examples, and 1n many others, the circuit in
accordance with the invention can be implemented at low
cost and without requiring large arcas of space 1n the
integrated circuit.

What 1s claimed 1s:

1. A timing circuit, comprising:

first and second matched temperature dependent inte-

orated circuit components;
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4

the first and second components being located within
respective first and second thermally 1nsulating struc-
tures within an integrated circuit;

the first thermally insulating structure further containing a
device for varying the temperature of the first compo-
nent; and

a device for comparing the values of temperature depen-
dent parameters of the first and second components;
wherelin
the temperature of the first and second components are

approximately equal at the beginning of a timing
cycle and the temperature of the first component 1s
varied until the device for comparing detects a
threshold temperature dependent parameter differ-
ence between the first and second components, the
timing cycle ends upon detection of the threshold
temperature dependent parameter difference.

2. A timing circuit as claimed 1n claim 1, wherein the
device for comparing detects a threshold voltage difference
between the first and second components.

3. A timing circuit as claimed 1n claim 2, wherein the first
and second components are resistors.

4. A timing circuit as claimed 1n claim 2, wherein the first
and second components are diodes.

5. A timing circuit as claimed 1n claim 2, wherein the first
and second components are transistors.

6. A timing circuit as claimed in claim 1, wherein the
device for varying the temperature comprises a heating
device for supplying heat to the first component.

7. A ttiming circuit as claimed 1n claim 6, wherein the
heating device 1s a resistor or a diode or a transistor.

8. A timing circuit as claimed 1n claim 1, wherein the first
and second thermally insulating structures are in the form of
trench structures, surrounding the respective components,
the trench structures containing a thermally 1insulating mate-
rial.

9. A timing circuit as claimed in claim 8, wherein the
thermally nsulating structures contain silicon dioxide.
10. A timing circuit as claimed in claim 1, wherein the
timing circuit 1s contained 1n a single mtegrated circuit.
11. A timing circuit, comprising;
first and second matched temperature dependent inte-
orated circuit components;

first and second thermally 1nsulating structures within the
integrated circuit, surrounding the first and second
components respectively;

means for varying heat to one of the first and second
components;

means for obtaining first and second electrical signals
representative of values of temperature dependent
parameters of the first and second components; and

means for comparing the values of the first and second
signals, the temperature of the first and second com-

ponents are approximately equal at the beginning of a
timing cycle and the timing cycle ends when the means
for comparing detects a threshold difference between
the electrical signals representative of at least one
temperature dependent parameter of the first and sec-

ond components.

12. A timing circuit as claimed in claim 11, wherein the at
least one temperature dependent parameter comprises a
voltage across the first and second components respectively.

13. A timing circuit as claimed 1n claim 11, wherein the
means for varying heat comprises a heating device, the
heating device 1s located within one of the first and second
thermally insulating structures and supplies heat to one of
the first and second components.
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